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ABSTRACT: 

PURPOSE: To easily replace an objective optical system when the system is damaged by forming the fitting hole of the 
objective optical system at the fittings of a tip part of the endoscope and making the objective optical system attachable 
and detachable to and from the tig part. 

CONSTITUTION: When the lens of an objective optical system 20 is damaged, the fitted objective optical system 20 is 
removed by using a fork end jig 58, and next, the new objective optical system 20 for replacement is inserted, screwed 
and fitting into a fitting hole 54 of tip fittings 16b. In such a case, the light axis of the objective optical system 20 is 
coincident to the central shaft of the fitting hole 54, the central axis of the fitting hole 54, an outer cylinder 30A and a 
prism 30 is coincident, and therefore, at the time of replacement, the objective optical system 20 can be easily positioned 
with the prism 30. By adjusting the screwing quantity of a lens-barrel 50, the focus of the objective optical system 20 can 
be easily adjusted. 
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1. Title of the Invention 
ENDOSCOPE 

2. Patent Claims 

(1) An endoscope in which a surface-type image sensor is provided in the distal end of an 
insertion portion and an optical image obtained with an objective optical system is output as a 
video electric signal, said endoscope comprising a lens-barrel for supporting the objective optical 
system, a lens-barrel mounting hole provided at the distal end of the insertion portion for 
detachably supporting said lens-barrel, and a surface-type image sensor aUgned and secured with 
respect to the lens-barrel mounting hole. 

3. Detailed Description of the Invention 

(Field of the Invention) 

The present invention relates to an endoscope, more specifically, to an endoscope in 
which a surface-type image sensor is provided on the distal end of an insertion portion and an 
optical image obtained with an objective optical system is output as a video electric signal. 



Specification 



h • II 



(Backgroxmd of the Invention) 

TV endoscopes using surface-type image sensors in which charge-transfer elements 
represented by CCD are assembled in a system comprising small light-receiving elements 
arranged in a matrix-like configuration have been suggested as an alternative to endoscopes 
using the so-called optical fiber bundles as image guides. Such TV endoscopes were more 
durable than the conventional endoscopes using image guide fibers, made it possible to process 
in a variety of ways the electric signals serving as a video output, and were less expensive. 
Accordingly, practical use of such endoscopes has been studied. 

However, in such TV endoscopes, lenses of the objective optical system guiding the 
picked-up hght to CCD could be damaged when the distal end of the insertion portion of the 
endoscope was dropped or collided with solid objects. In such cases, because the objective 
optical system in the conventional endoscopes could not be replaced, the entire endoscope could 
not be used if the lens was damaged, even though the endoscope components other than the 
objective optical system were not damaged. 

(Object of the Invention) 

With the foregoing in view, it is an object of the present invention to provide an 
endoscope in which an objective optical system located in the distal end portion of the insertion 
portion of the endoscope can be easily replaced. 

(Essence of the Invention) 

In order to attain the above-described object, the present invention provides an endoscope 
in which a surface-type image sensor is provided in the distal end of an insertion portion and an 
optical image obtained with an objective optical system is output as a video electric signal, the 
endoscope comprising a lens-barrel for supporting the objective optical system, a lens-barrel 
mounting hole provided at the distal end of the insertion portion for detachably supporting the 
lens-barrel, and a surface-type image sensor aligned and secured with respect to the lens-barrel 
mounting hole. 

(Embodiments) 

The preferred embodiment of the endoscope of the present invention will be described 
hereinbelow with reference to the appended drawings. 

FIG. 1 and FIG. 2 are respectively the side sectional view of the distal end portion and a 
schematic front view illustrating an example in which the present invention is employed in a 
direct- view endoscope. As shown in FIG. 1, a distal end portion 10 of the insertion portion of the 
endoscope is composed of a distal end hard portion 12 and a soft portion 14. The distal end hard 
portion 12 is composed of a distal end case 16 and cannot be bent. This distal end case 16 is 
composed of a tubular case 16a constituting the main part of the end hard portion 12 and a disk- 
like section 16b attached by fitting into the distal end. The soft portion 14 is formed of a plurality 
of interlinked rings 18 and can be bent up and down and to the left and to the right with the 
conventional operation wires (not shown in the figures). As shown in FIG. 2, wire guide 



channels 22, 24, a biopsy channel 26, and an air and water supply channel 28 are provided in 
addition to an objective optical system 20 in the longitudinal direction of the endoscope (left- 
right direction in FIG. 1) in the distal end portion of the insertion portion of the endoscope. FIG. 
1 shows that the objective optical system 20 has a structure consisting of a plurality of lenses. In 
accordance with the present invention, a rectangular prism 30 is arranged behind the objective 
optical system to provide for 90° transformation of the optical path of the objective optical 
system 20. A rectangular surface-type image sensor 32 is bonded to the light outgoing surface of 
the prism. 

The objective optical system 20 and the image sensor 32, as shown in FIG. 3, are 
mounted inside the distal end portion of the insertion portion of the endoscope in the order as 
follows. First, the arrangement direction of the screen portion of the image sensor 32 and the 
orientation of prism 30 are aligned by using a jig so as to prevent the image from tilting, while 
displaying the image on a monitor TV and then the prism 30 is fixedly attached to the image 
sensor 32 with an adhesive. 

A support tube 30A is fixed in advance to the image sensor 32 in front of the prism 30, 
and the central axis of the support tube 30A is ahgned with the center of the prism 30. A 
substrate 38 is mounted on the image sensor 32, and the image sensor 32 and the substrate 38 are 
arranged in the distal end case 16 in the vicinity of the plane containing the central axis of the 
endoscope in the longitudinal direction thereof (the X - X line in FIG. 1 and the XI - XI line in 
FIG. 2). Therefore, the central axis of support tube 30A is positioned parallel to the central axis 
X - X of the distal end portion 10 of the insertion portion of the endoscope. In this state, the 
image sensor 32 and the substrate 38 are secured to the case 16 with an adhesive resin 39. 

Furthermore, the objective optical system 20 is composed of a plurality of lenses and a 
lens-barrel 50 for holding the lenses. A male thread 52 is cut on the outer periphery of the lens- 
barrel 50. On the other hand, a mating hole 54 is formed in the disk-like section 16b on the distal 
end of the case 16, the central axis of the mating hole 54 is positioned on the central axis of the 
support tube 30a, and a female thread 56 is cut in the mating hole 54. The objective optical 
system 20 is fit into the mating hole 54 by screwing the male thread 52 into the female thread 56. 
If the objective optical system 20 is fit, the insertion end portion 20a of the optical system 20 is 
tightly inserted into the support tube 30A and the optical axis of the objective optical system 20 
is ahgned with the center of prism 30. As a result, the image sensor 32 and the objective optical 
system 20 are accurately aligned with each other. The focus adjustment of the objective optical 
system is conducted by adjusting the degree to which the outer tube 50 is screwed in, that is, by 
moving the objective optical system 20 back and forth in the axial direction inside the case 16, 
and the alignment is conducted so as to obtain the prescribed size of the object on the monitor 
screen. A fork-like jig 58 shown by a dash-dot line in FIG. 3 is used for sUding the objective 
optical system 20 inside the case 16 and for attaching to and detaching from the case 16. The 
operations are conducted by locking the jig 58 in the locking holes 59, 59 of the lens-barrel 50 
and rotating the jig. As a result, the objective optical system 20 can be easily mounted on the 
endoscope by conducting focus adjustment. 

A lead wire 40 of the image sensor 32 is connected to the substrate 38 and connected to 
individual small light-receiving elements of the image sensor 32. The lead wire is used to send a 
drive signal from the drive circuit of a control unit (not shown in the figures) to the image sensor 
and for sending a video signal from the image sensor 32 to the control unit. Furthermore, the 
above-mentioned adhesive resin 39 is inserted between the substrate 38 of the image sensor 32 
and the distal end case 16. This adhesive resin is obtained, for example, by admixing a metal 



such as aluminum or the like to an epoxy resin. As shown in FIG. 1, the adhesive resin is placed 
in the space above the substrate 38. 

With the embodiment of the present invention having the above-described configuration, 
when a lens of the objective optical system 20 is damaged, the objective optical system 20 is 
removed by using the fork-like jig 58 and then a new objective optical system 20 used for 
replacement is inserted into the mating hole 54 of the distal end case 16 and fit by screwing. In 
this case, the optical axis of the objective optical system 20 coincides with the central axis of the 
mating hole 54, and the central axes of the mating hole 54, outer tube 30A, and prism 30 
coincide with each other. Therefore, when the objective optical system 20 is replaced, it can be 
easily aligned with the prism 30. Furthermore, focus adjustment of the objective optical system 
20 can be easily conducted by adjusting the degree to which the lens-barrel 50 is screwed in, 

FIG. 4 is a cross-sectional view of the endoscope of a side-view type, which illustrates 
the second embodiment of the present invention. As shown in FIG. 4, the distal end of the 
support case 58 constituting the distal end hard portion 12 of the endoscope 10 is composed of 
two (upper and lower) plates 60, 64. A fitting hole 62 is formed in the lower plate, and a support 
tube 3 OA is inserted in advance into the fitting hole 62 and secured therein with an adhesive. An 
image sensor 42 is mounted on the lower end of the support tube 30A, and the center of the 
image sensor 32 is positioned on the central axis of the support tube 30A. A substrate 38 is 
mounted on the surface of the image sensor 32 on the side opposite that on which the outer tube 
30A is mounted. A lead wire 40 is connected to the substrate 38. On the other hand, an objective 
optical system 20 is inserted via a through hole 66 formed in the upper plate 64. The insertion 
end 20A of the objective optical system 20 is provided with a male thread 70. This male thread 
70 is screwed into a female thread 72 cut on the inner peripheral surface of the support tube 30A 
fixedly fit into the fitting hole 62 of the lower plate 60, and the objective optical system 20 is 
screwed in and fit in the outer tube 30A. 

In such side-view endoscope, too, the objective optical system 20 can be secured by 
screwing into the case 58. Therefore, the objective optical system can be easily replaced. 
Moreover, the optical axis of the objective optical system 20 coincides with the central axis of 
the support tube 3 OA. Therefore, when the objective optical system 20 is mounted, the center of 
the image sensor 32 can be easily aligned with the optical axis of the objective optical system 20 
and focus adjustment of the objective optical system 20 can be easily conducted by adjusting the 
degree to which the male thread 70 of the insertion end 20A is screwed in. 

FIG. 5 is a cross-sectional view of the endoscope illustrating the third embodiment of the 
present invention. In this embodiment, a prism 102 is mounted, as shown in FIG. 5(B), on a CCD 
assembly 100 composed of a substrate and an image sensor shown in FIG. 5(A). 

A support tube 102 A is secured in advance to a prism 102 in fi-ont of the prism 102, and 
the central axis of the support tube 102A is arranged so as to coincide with the center of prism 
102. As shown in FIG. 5(C), the CCD assembly is arranged in a distal end case 104 in the 
vicinity of the plane containing the central axis in the longitudinal direction of the endoscope. 
Alignment of the distal end case 104, prism 30, and image sensor is conducted by inserting the 
distal end of an alignment tool 106 into the support tube 102 A. 

Therefore, the central axis of support tube 102A assumes a position parallel to the central 
axis X - X of the distal end portion 10 of the insertion portion of the endoscope. In this state, the 
CCD assembly is fixed to the case 104 via an adhesive. 

If the adhesive is then cured and the CCD assembly is fixed, the alignment tool 106 is 
removed and an objective optical system 108 is installed in the case 104, as shown in FIG. 5(D). 



During this installation, a pin 1 10 is inserted through an adjustment window 112 formed in the 
upper part of the case 104, and the distal end is guided in the support tube 102 A by appropriately 
pushing a groove 108 A provided in the distal end of the objective optical system 108 with the 
pin 1 10. A female threaded hole 1 14 is formed in the upper part of the case 104 and if the distal 
end of the objective optical system 108 is inserted into the support tube 102 A, the lock screw 1 16 
is screwed into the female threaded hole, the side surface of the objective optical system 108 is 
pushed by the lock screw 1 16, and the objective optical system 1 18 is fixed. 

The objective optical system 108 is composed of a plurality of lenses and a lens-barrel 
109 holding the lenses, as shown in FIG. 6. A lens 120 positioned at the distal end of the 
endoscope 10 is fixed to the lens-barrel 109 and sealed with an adhesive 120 A. Furthermore, a 
convex lens 122 adjacent to the lens 120 is also fixed and sealed with the adhesive 122 A. Sealing 
of the convex lens 122 prevents liquids fi-om penetrating to the zone above the lens when the 
outer lens 120 is damaged. 

With such a structure, too, the objective optical system 108 is detachably mounted on the 
endoscope 10 via the lock screw 116. Furthermore, when the outer lens 120 of the objective 
optical system 108 is damaged, the mounting and sealing structure of the adjacent convex lens 
122 prevents liquids from penetrating into the endoscope. 

(Effect of the Invention) 

As described hereinabove, with the endoscope in accordance with the present invention, a 
mounting hole for an objective optical system is formed in the case in the distal end portion of 
the endoscope and the objective optical system can be attached to and detached from the distal 
end portion. Therefore, when the objective optical system provided in the endoscope is damaged, 
the objective optical system can be easily replaced. 

4. Brief Description of the Drawings 

FIG. 1 is a side sectional view illustrating the application of an embodiment of the 
endoscope in accordance with the present invention to a direct-view endoscope. FIG. 2 is a 
schematic front view of the endoscope. FIG. 3 is a side sectional view illustrating the endoscope 
shown in FIG. 1 and an objective optical system removed therefrom. FIG. 4 is a side sectional 
view illustrating the apphcation of the second embodiment of the endoscope in accordance with 
the present invention to a side-view endoscope. FIG. 5 illustrates the third embodiment of the 
endoscope in accordance with the present invention. FIG. 6 is a cross-sectional view of the 
objective optical system in the endoscope shown in FIG. 5. 

10 ... distal end portion of endoscope; 16 ... case; 20 ... objective optical system; 30 ... prism 
30A ... support tube; 32 ... image sensor; 50 ... lens-barrel; 52 ... male thread; 54 ... mating 
hole; 56 ... female thread 

Patent Representative. Patent Attorney: S. Matsuura 
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